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EFFECT OF EXCESSIVE SACG8AR0SE AEKINISTtATIQN ON 
METABOLIC PROCESSES IN HI LIVE! OF XAB1ITS Win BSTRICTED 

MOBILITY 


Yu. P. Ifl'nikov 

Faculty of Biochemistry of tbs Yaroslav Mad leal Institute 

It was aatablishad that a surplus concentration in the simple car- / 75* 
bohydrate ration leads to an increase in obesity and in the number of 
cases of atherosclerosis [10, 24, 25]. Whan glucose and saccharose 
are added to the food of rate and rabbits, a& increase in the concen- 
tration of fatty acids, cholesterol, triglycerides and >IApoproteins 
[7, 11-14] is noted. Both in atherosclerosis patients and in experi- 
ments with animals which are kept on a surplus carbohydrate ration for 
a long time, the developing chronic hyperglycemia disturbs metabolic 
processes [1, 3, 12** 14]. 

A life with restricted mobility is associated with an increase in 
the cholesterol level in the blood and tissues and predisposes one to 
atherosclerosis [3, 8, 15, 17, 18]. In economically developed coun- 
tries, along with an increase in the intake of simple carbohydrates 
(three -fold since the beginning of the century), there has been a de- 
crease in the nueber of professions which involve sufficient physical 
activity [3, 5, 10, 17, 20, 22, 24, 25]. 

The liver is the organ in which the synthesis of cholesterol, its 
storage, and its conversion into lipoproteins and cholic acids occur 
[4, 19, 20]. For this reason it is interesting to study changes in 

* Numbers in the margin indicate pagination in the foreign text. 
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the carbohydrate lipid exchange in the liver in conjunction with the 
effect of two risk factors, reatricted Mobility and exceaa saccharose 
intake . 

Material and mthoda 

Experiments were run on 122 rabbits of both sexes of mass 2.5-3 kg. 
The animals were kept in a single chamber on an ordinary nutritional 
ration (hay, oats, black bread, vegatablea). The experimental rabbits 
were divided into 2 groups. In the first group, restriction on move- 
ment use achieved by placing the animals in arrow cages, in the second 
group the restriction on movement was combined with the daily adminis- 
tration of saccharose through a probe in the stomach, at a rate of 3 g 
per k kg of body mass. On days 3, 5, 10, 15, 25, 30, 45 and 60 of the 
experiment, the (total, ,freef ether bonded) cholesterol, phospholipid, 
pre- and -lipoprotein and glycoaaminoglycane concentrations in the 
blood serai were determined. The sugar curve was also determined on 
days 1, 5, 15, 30, and 60 of the experiment. After 10, 15, 30 and 60 
days, 5-9 rabbits from the control and experimental groups were killed 
and in the liver tissue we determined the glycogen concentration [23], 
the level of preformed lactic acid and its increase during incubation 
with glucose in a Krebs Ringer buffer, pH 7 >35 at 37* C for 1 hour 
[21], and oxygen intake in a Varburg apparatus. A part of the organ 
was dried to a constant ness and the total concentration of lipids 
and cholesterol was determined in the dry residue. The amount of vesi- 
cal bile, the levels of cholesterol, cholic acids and dry residue in 
it were studied. Cholesterol in the blood and the tissues was deter- 
mined by e Liberman Burkhsrd color reaction [2], phospholipids were 


2 



determined by the Fisk Subbaroi Mthod in tba A. Ye. Braunahteyn modi- 
fication [2], pre-and /-lipoproteins vara determined by Cha M. Lad- 
vina Mthod [6], glycoaaninsglyoaMS vara datarminad by Remington's 
aathod [9] and bila cbolaatarol, by tha Sparry Brady Mthod in P. Z. 
Khaaigov'a Mdifieation [19], «hila cholic aeida vara datarainad by tha 
ghira and Kuhn Mthod in tha P. Skakun aodificatlon [16]. 

Baaulta and Discussion 

laatrictad nobility caused tha Mat rapid and aigni£icant change a 
in tha laval of pra -/ and -lipoproteins and augar in tha blood. Evan 
30 ninutaa aftar tha baginning of tha axpariMnt , thair conoantration 
had incraaaad by 48 and 151, raapactivaly . Aftar 60 ninutaa tha in- 
craaaa in glyeania was 201, and aftar thia we ohaarvod a gradual da- 
csaaaa (aftar 90 ninutaa, 141), aftar tha aacond hour tha increase ba- 
caM unreliable. Anotbar incraaea in tha laval of pre-r and / lipopro- 
taina on tha firet day waa notad fron tha 120th to tha 180th minuta 
(on avaraga, by 501). 

An invaatigation of tha augar conoantration in tha blood by tha 
typa of augar curve (every 30 ninutaa for 6 hours) on tha 10th and 
30th day of hypokiMaia, did not cauae aubetantial difference a fron 
tha initial laval. The increase in tha concentration of pre - and > - 
lipoproteins in conpariaon to the initial concentration over the ssm 
period of tlM waa 951. 

Ibe coubined affect of hypokiMaia and the administration of 
saccharose was accanpaniad by a 3 1/2 hour hyperglycemic state with {j 
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maxima increase in the blood sugar laval after 30 minutes (by 66X) . 
Administering thia quantity of saceharosa to baalthy rabbit a was asso- 
ciatad with laaa pronounced hyperglycemia (aftar 30, 60 and 90 ninutas, 
by 40, 21 and 13X, raapactivaly) . On tba last days tba hyparglyeaaiia 
peak was somewhat raducad, and we simultaneously obaarvad a change in 
tha character of the sugar curve. Frau the fifth day of the combined 
experiment the sugar curve be cams pathological, at first double peaked 
and at tha end of tha experiment triple peaked: after 30-60 ninutas, 
by 43 and 38X, aftar 150 minntea, by 16X and aftae 210-270 minutes, 
by 17, 15 and 9X. 

Under conditions of restricted nobility we observed an alsioat 
total disappearance of glycogen in the liver (Table 1). During tha 
first 2 weeks of the combined effect, the glycogen level in the liver 
was also reduced; however, to a considerably smaller degree than in 
rabbits in tha first group; and by the 30th day they did not differ 
from tha control group. 

During tba first 2 weeks of restricted mobility, judging by tha 
reduced level of preformed lactate and its Increase during incubation, 
tha rata of tba glycolytic assimilation of carbohydrates in tha liver 
was raducad. The introduction of saccharose to a motionless aniauil 
lad to restoration of both of these indices to normal. 

A part of the glucose formed aftar saccharose hydrolysis evident- 
ly consisted in glycosaninoglycanes (mucopolysaccharides), the concen- 
tration of which in blood senm during the combined experiment in- 
creased progressively after 3, 5, 10, 15, 30 and 60 days of the ex- 
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ZABLE 1 

THE EFFECT OF THE DURATION OF SACCHAROSE AEMINISTKATION OH CHANGES 
IN THE GLYCOGEN LEVEL. THE RATE OF GLYCOLYSIS AND OXYGEN INTAKE IN 
THE LIVER OF RABBITS WITH RESTRICTED MOBILITY 


Duration 
of ex- 
periment 


Group 

of 

ani- 

mala 


Static 

ideal 

Index 


Glyco- 

«•». 

■gX 

Lactic acid, micro- 
mole par 100 mg 

preformed 

lactate 

Increaee 

to glu- 
COM 


Oxygon 
intake , 
micro - 
litar/hr 


Control 



perlment by 32, 45, 61, 53, 65 and 72X. During hypokinesia tha concen- 
tration of Mucopolysaccharide a was reliably greater than the initial 
index, but only after 15 and 30 days of the experiment (bp 60 and 54X). 
In addition, a one part of the saccharose afelnlstcred was evidently 
transformed into lipid, while the cholesterol concentration in the 
blood serun in rabbits in the second group from the fifth day was on 
average 10% greater than in the first group. Ivan nore significant 
changes were noted in the concentration of pre- and -lipoproteins. 
Only after three days of the combined experiment was their concentra- 
tion lower (by 21X) than (hiring hypokinesia, and over the other periods 
(5, 10, 15, 30 and 60) days it was higher by 66 , 59, 130, 156 and 65X, 
respeetively. Urn concentration of phospholipids in the blood serun 
was increased on the third and fifth days of hypokinesia, and with the 
addition of saccharose , from the tenth day of the experiment; however, 
in both eases, especially in the first group, to a smaller degree than 
cholesterol. Thus, 3, 5, 10, 15, 25, 30, 45 and 60 daya after the 
beginning of the experiment the cholesterol concentration in the com- 
bined experiment differed from the indices obtained during hypokinesia 
by -0.8, + 22, -39, >26, +9, >17, >10, 8X, and the phospholipid concen- 

tration over the same period differed by -22, -13, >25, >19, >33, >15, 
>5, >29%. Since the stability of cholesterol in a dissolved state 
depends on the phospholipid level, an insufficient increase of it in 
the blood and reduction in the tissues during hypokinesia [12, 14] was 
perhaps one of the reasons for the increased accumulation of choles- 
terol in the tissues (Table 2). We should note that administering 
saccharose in the combined experiment was associated with a smoother 
rise in choice ter insmia ; the gap between the level of cholesterol and 
phospholipids did not attain such values as during hypokinesia. 
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TABUS 2 

THE EFFECT OF THE PROLONGED ADMINISTRATION OF SACCHAROSE ON CHANGES 
IN THE LEVEL OF WATER AND LIPIDS IN THE LIVER OF RABBITS WHOSE 

MOBILITY IS RESTRICTED 
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Ratio of 
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Normal 1 m cion of tha glycogen level In tba llvar undar tha affacc 
of saccharoaa loading if evidently ona of cha faccora la a ding to ar 
improvement in metabolic prooaaaaa in cha llvar. Glycolysis acdviCy 
was raacorad Co normal and cha procaociva aa era Cory function of cha 
llvar was Inereaaad. While in anJjaala whose nobility la raacrlecad 
cholaacarol la basically sacra cad from cha vaa leal bile, In tha com- 
blnad experiment, cholic aolds vara sacra Cad primarily (ms Figure, 

A and B) . During Cha anclra course of raacrlecad mobllicy Cha conceu- 
craclon of cholic acids In cha vesical bile vaa greacer chan in cha 
control group by a factor of 2, and In Cha combined experiment, by a 
factor of 3-3 1/2. Evidently, Cha lass pronounced reduction la cha 
colloidal acabllicy of cholaacarol in dissolved state and lea more pro- 
nounced transformation into cholic acids partially Inhibits cha deposit 
of cholesterol In tha livers of rabbits vhich have received additional 
saccharose. From cha second veek of cha combined experiment Che con- 
centration of cholic acids In tha vesical bile increased, vhlle the 
cholaacarol laval in cha liver after cha maximum increased had bean 
attained began Co drop gradually (sea Flgura, B). 

It is clear from the flgura, A, chat in rabbles vhose mobility 
is restricted while tha cholesterol concentration in the blood and 
liver is increased, that tha secretion of cholaacarol from tha bile 
and its conversion to cholic acids is increased ; this evidently leads 
to a reduction in the cholesterol level in tha blood (on tha 15th -25th 
days) and in tba liver (on tba 30th day). A decrease in tha concen- 
tration of cholic acids and cholesterol in the vesical bile was asso- 
ciated with another increase in its concentration in the blood and 


the liver. 







Change In tha cholesterol level in 
blood (1), the liver (2), tha bile (3), 
cholic Midi in the blaider bilo (4) and 
in tbo —omit of bilo (3) during hy|M>- 
kinooio (A) and hypokinesia combined with 
McoharoM a<fcinistratloo (B) . 


B 


^ ■ ' day 

thus, both Airing hypokinesia and when it ia combined with tha 
adniniatration of saccharoae, an attenpt la nada to noma lisa hyper- 
cholaatarinaaia by incraaaing tha aacration of cholesterol and cholic 
acl c from tha blla. For thia reason, in animals in both groupa, tha 
incraaaa in tha cholaatarol laval in tha blood vaa undulating. At tha 
same time, daaplta tha fact that aora atharoganic aganta (cholaatarol, 
pra- and -lipoproteins , g ly coa ami nogly cane r) circulate ia tha blood 
during tha eoabinad experiment, thia did not laid to an incraaaa in tha 
cholaatarol dapoaita in tha liar. By normalising tha laval of gly- 
cogen and glycolyala which had dacraasad during hypokinesia, tha aac- 
charoaa adainistered waa abla to raatora tha raducad protactiva aac- 
ratory functions of tha liver, which in turn inhibited the Incraaaa of 
lipid infiltration. However , the hype rpre beta, hyperbeta llpoprotalneala 
and hype rcho la e ter inemia ware maintained at a base higher than normal, 
tha cholaatarol concentration in the organ did not preclude further 
weakening of the protactiva secretory functions of tha liver. 
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